Objectives: To evaluate the validity and reliability of the Thai version of the job content questionnaire (TJCQ) both 22-item and 45-item versions. Materials and Methods: The study encompassed 10,450 employees in Songkhla province, Thailand. A 45-item job content questionnaire (JCQ) was translated and back translated complying with the JCQ usage policy. TJCQ covers seven scales as follows: psychological demand, decision latitude, supervisor support, coworker support, physical demand, job security and hazard at work. Internal consistency was examined using Cronbach's alpha coeffi cient. Factor validation was tested using both exploratory and confi rmatory factor analysis. Results: Both 22-item and 45-item versions of TJCQ demonstrated acceptable internal consistency in nearly all scales except for psychological demand. The exploratory and confi rmatory factor analysis result gave support to 5-factor model in 22-item version and 8-factor model in 45-item version of TJCQ. The psychological demand scale tended to split into two subscales. Other scales were consistent with the expected dimensions though some items extracted differently along the theoretical dimensions. Conclusions: Our study provided evidence for the reliability and validity of the TJCQ among Thai employees and supported the ongoing debate on multifaceted psychological demand and its complexity, making it feasible to extend the TJCQ beyond its original structure.
INTRODUCTION
The job content questionnaire (JCQ) has been the most popular self-administered instrument for measuring the psychosocial work environment since formulated by Karasek in 1979 [1, 2] . The JCQ is based on the job demandcontrol-support (JDCS) model, which is composed of three major components that describe psychosocial work characteristics: psychological demand, job control or decision latitude and social support. Psychological demand refers to the measure of stress factors involved in accomplishing the work load, organizational constraints on task completion and job-related confl icting demand. Job control or decision latitude relates to the freedom permitted to the worker in how to perform tasks and how to meet the job demand and is assessed as a composite of skill discretion and decision authority. According to the model, a high level of skill gives the worker control over which specifi c skills to use to accomplish the task and make decisions that reduces possible adverse effects of psychological demand. Social support refers to overall levels of helpful social interaction available on the job both from coworkers and supervisors. the Ethics Committee of the Faculty of Medicine at Prince of Songkla University. Songkhla province is the largest trade and commercial centre in Southern Thailand with an approximate population size of 1.3 million. The study population comprised about 100 subjects from each 3-digit occupational code according to international standard classifi cation of occupations (ISCO-88) [18] . The sampling frame was based on the Provincial Registry on public administration organizations and the Industrial Registry. Random samples made during fi eld visits included subjects in the informal sector outside the registry such as skilled agricultural and fi shery workers (code 611-621), craft and related trades workers (code 711-744) and elementary occupations (code 911-933). Of the 16,920 questionnaires distributed, 10,450 were collected of which 93.7% had been completed by the subjects and 6.3% were interviewed. The response rate was 61.6%. For practical purposes, invitation letters were sent to the selected work organizations and internally distributed within those organizations. After an in-house training course, six research assistants were divided into two teams. They met the subjects at their workplaces during working hours. Each subject was then distributed a questionnaire attached with a covering letter guaranteeing confi dentiality and informed consent for the research. Participants fi lled in the questionnaire anonymously. The research assistants then collected the questionnaires either on the same day or two weeks later. For those who were unable to complete the questionnaire, assistance was given or an interview made by the research assistants. Onsite editing of the questionnaires was made and double-checked at the research center. On a daily basis the principle investigator coded the occupations according to the 3-digit code of ISCO-88. Double entry was conducted to achieve quality control of data.
Job Content Questionnaire
The 45-item JCQ [19] was translated into Thai and then retranslated into English by a bilingual speaker who was unaware of the original English. This was then submitted negative effects from high levels of job strain in agreement with Karasek's hypothesis on various health outcomes, including cardiovascular disease [3] [4] [5] [6] [7] , musculoskeletal disease [8, 9] , psychiatric disorder [10] [11] [12] and reproductive health [13] [14] [15] [16] . The JCQ has also been translated into over a dozen languages and nationally standardized by detailed occupations in several countries in Europe, America, and in Japan [17] .
There have been increasing concerns over occupational stress which is becoming world phenomenon following the development of globalization, rising competition and economic plight. In Thailand, most studies of job stress used ad-hoc measures, which lack any clear theory or adequate validation. Researchers in Occupational Health are concerned to implement a standardized instrument to asses job stress based on strong theory and validation. Although the validity of the JCQ in various languages has been studied in the industrialized countries in North America, Europe and Japan and recently, among the newly industrialized countries of Eastern Asia, it remains uncertain whether it is applicable to populations like Thai who have a different socioeconomic structure, culture and more labor-intensive industries. The stage of validation seems crucial for the examination of the psychometric properties of an instrument and allows international comparisons between studies. With permission from the JCQ center, we translated 45 items of the JCQ into Thai measuring seven scales of psychological demand, decision latitude, physical demand, job security, supervisor support, coworker support and hazard at work. This version also included 22 core items assessing psychological demand, decision latitude, supervisor support and coworker support. The purpose of this present study was to measure the internal consistency and construct validity of the Thai version of both the 22 and 45-item JCQ among Thai heterogeneous workers.
METHOD Design and Study Population
A cross-sectional study was conducted in Songkhla province, in southern Thailand. The research was approved by 
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333 square error of approximation (RMSEA), non-normed fi t index (NNFI), comparative fi t index (CFI). The fi rst four measures of fi t were absolute fi t indices to assess how well the hypothesized model covariance matrix estimates the sample covariance matrix. The chi-square statistics were a measure of overall fi t of the model to the data. It tested the null hypothesis that the sample covariance matrix perfectly fi tted the hypothesized model. A small chi-square corresponded to a good fi t and a large chi-square to a bad fi t. The root mean squared error of approximation (RMSEA) focused on the discrepancy between the sample covariance matrix and the hypothesized model covariance matrix but did also account for the degree of freedom. A value of less than 0.05 was indicative of a good fi t; between 0.05 and less than 0.08 a reasonable fi t and greater than 0.1 a poor fi t. The goodness of fi t index (GFI) was indicative of the relevant amount of the hypothesized model's covariances and demonstrated how close the model was to the sample covariance matrix. The adjusted goodness of fi t (AGFI) was the GFI adjusted for the degree of freedom in the model. Values of GFI and AGFI should range between 0 and 1 and any values exceeding 0.9 refl ected acceptable fi ts. The last two measures of fi t were the comparative fi t indices, which showed how much better the model fi t compared to the basic model. The non-normal fi t index (NNFI) and comparative fi t index (CFI) measured how much better the hypothesized model fi tted a null model that did not specify any relationships between the variables. The NNFI and CFI ranged from 0 to 1, with values exceeding 0.9 indicating a good fi t. 
RESULT Baseline Characteristics

Statistical Analysis
For each of the scales, their internal consistency was evaluated by Cronbach's alpha coeffi cients. The construct validity of TJCQ was fi rst studied by exploratory factor analysis (EFA) using multiple squared correlations to estimate commonalities. The principle component method was used to extract the factor which was followed by a Varimax rotation method. To determine the number of meaningful factors to retain for rotation, the scree plot method was used. A factor loading of 0.3 or greater for a given factor was considered in the study. 
Reliability
The Cronbach's alpha coeffi cients of the 22 and 45-item TJCQ are presented in Table 2 . For the 22-item TJCQ, the internal consistency coeffi cients were fairly high for decision latitude, supervisor support and coworker support but quite low for psychological demand which consisted of fi ve items. The values of all item-total correlation of the supervisor and coworker support scales were greater than 0.3, indicating that each of the items had an acceptable correlation with other items comprising the overall scale score. However, for the psychological demand scale, the three items of 'not enough time', 'excessive work' and 'confl icting demand' had an item-total correlation value of less than 0.2 indicating a low correlation of these items for this scale. Dropping these three items changed the alpha level of 5 question version of psychological demand substantially to 0.52; and in 9 question version, it was moderately changed to 0.65. In addition, the three items of 'little decision freedom', 'repetitive work', and 'variety' connected with decision latitude scale also yielded a low item-total correlation. Regarding the 45-item TJCQ, fairly high values for Cronbach's alpha coeffi cients were found in decision latitude, supervisor support, coworker support, physical demand and hazard at work, indicating acceptable levels of internal consistency for each of the scales. However, the Cronbach's alpha levels were only moderate for the psychological 
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335 the sampling adequacy measure of Kaiser's criterion was fi rst examined to determine how appropriate the matrix was for a factor analysis. The value of 0.83 suggested suffi cient correlation for conducting the analysis. A scree test suggested fi ve meaningful factors with eigenvalues of more than 1, explaining 51.1% of the total variance, while the 4-factor model according to JDCS model explained 45.3% of the total variance. Factor 1 grouped items connected with decision latitude except 'little decision freedom', 'repetitive', and 'variety'. These three items unexpectedly revealed adequate factor loading scores on Factor 4, which was most likely connected with psychological demand. Of interest was that the factor extraction pattern, including its items distribution demand and job security scales. Low values of item-total correlation were as follows: two items of 'little decision freedom' and 'repetitive' in decision latitude scale; three items of 'not enough time', 'excessive work' and 'confl icting demand' in psychological demand scale; and one item of 'skill value in the next fi ve years' in job security scale. As might be expected, low correlation between these items across these scales was also found. Table 3 presents the EFA result using principle component analysis and Varimax rotation of 22-item TJCQ for the four and fi ve factor models consecutively. Initially, on this factor except for 'excessive work', 'confl icting demand', 'not enough time' and 'intense concentration'. Instead, the item 'intense concentration' loaded on the factor relevant to decision latitude, as previously mentioned. Of note was that the other three items belonging to the psychological demand scale in JDCS model were separately extracted into Factor 8. One interpretation could be that in the Thai context these three items point to a confl icting mental load beyond stress-related routine work. Factor 4 and 5 were unequivocally connected to the theoretical scales of supervisor support and coworker support, respectively with high factor loadings. Factor 6 grouped three items most likely connected with physical demand except for 'physical effort' and 'rapid and continuous'. These two items loaded in Factor 3 relevant to psychological demand instead. The fi rst two items of this factor -'awkward body position' and 'awkward head and arm position' -loaded on this factor were clearly relevant to the static physical demand and showed satisfactory loadings of more than 0.8. However, the third item yielded comparatively low loadings ('lift heavy loads' = 0.42). Factor 7 grouped four items clearly associated with job security except for 'skill valuable in next 5 years' and 'career possibilities'. These two items were loaded on the factor associated with decision latitude as previously mentioned.
EXPLORATORY FACTOR ANALYSIS 22-item TJCQ
That the results of an examination of the factor structure fi t to the seven dimensions of the original JCDS model is also demonstrated in Table 5 . Compared to the eight factor solution, fi ve out of seven factors resembled the extraction patterns including their item distribution except for some degree of difference across Factor 3 connected with psychological demand and Factor 5 connected with physical demand as follows: Firstly, all 5 items belonging to the physical demand scale as used by Karasek loaded on Factor 5, which clearly coincided with physical demand. In addition, one item of 'little decision freedom' from the decision latitude scale also loaded on this factor. Secondly, regarding the three items which separated into Factor 8 in the eight-factor model, two items 'excessive work' and 'confl icting demand' loaded on Factor 5 which is connected to physical demand while one item 'not enough time'
of Factor 4, showed similar solutions in both the 22 and 45-item TJCQs. In addition, the item of 'variety' similarly shared loadings on the two factors relevant to decision latitude and the psychological demand in both TJCQs.
In the 5-factor model, Factor 2 and 3 were unambiguously connected with supervisor and coworker support, respectively. A solution with 4-factor model also revealed a clear meaning for Factor 3 regarding theoretical model, but not for Factor 2. As seen, Factor 2 comprised not only four items connected to supervisor support but also two other items of 'excessive work' and 'not enough time' from the psychological demand scale with ambiguously low loadings.
Considering the 5-factor model, Factor 5 contained three items of 'excessive work', 'not enough time' and 'confl icting demand' from the psychological demand with significant factor loadings of more than 0.5 and modest variance of 6.2%. It seemed that the psychological demand scale in TJCQ might appropriately separate into two subscales.
45-item TJCQ
The result of factorial validity of the 45 items TJCQ are shown in Table 4 and 5. The scree test based on the eigenvalues favored an eight factor solution, explaining 46.3% of total variance as shown in Table 4 . Factor 1 was clearly associated with hazard at work and all items theoretically connected with this scale had high loadings of more than or equal to 0.64. Factor 2 comprised of items mainly connected with decision latitude and nearly all items loadings on this scale ranged from 0.43 to 0.69 except for 'little decisions freedom', 'repetitive work' and 'variety'. Interestingly, these three items were loaded in Factor 3 relevant to psychological demand. Furthermore, EFA revealed that three items from other scales according to the theoretical model were unexpectedly extracted in this factor as follows: 'high concentration' from the psychological demand scale; 'career possibilities' and 'skill valuable in next 5 years' from the job security scale. 
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DISCUSSION
The purpose of the study was to evaluate the Thai version of JCQ for both the 22-item and 45-item versions. This study, based on a large sample and variety of occupations showed that the psychometric properties of TJCQ of decision latitude, supervisor support, coworker support, physical exertion and hazard at work were satisfactory for internal consistency except for the psychological demand and job security scale. The internal consistency of psychological demand in our study was the lowest compared to other studies with Cronbach's alpha of 0.23 for fi ve questions of 22-item TJCQ and 0.54 for nine questions of 45-item TJCQ. Some western studies have reported acceptable Cronbach's alpha values of more than 0.7 for the psychological demand scale [20] [21] [22] [23] [24] while some have reported borderline alpha values around 0.6 [17, 25] . The psychological demand scale, with fi ve questions, was borderline in all Asian studies with alpha values ranging from 0.50-0.65 [26] [27] [28] [29] . To the authors of some Asian studies, it was suggested that fi ve questions of this scale might not be suffi cient for various psychological demands encountered at work and need to be modifi ed in order to improve the scale reliability [26, 27] . Karasek (1998) has also loaded on Factor 3 connected to psychological demand. Of interest to note was that their factor loadings were obviously low.
Confi rmatory Factor Analysis
Both the hypothesized and fi nal versions of the four models by CFA are shown in Table 6 . Each model specifi ed that each of the proposed items were connected to only one common factor. Some correlated error items were specifi ed to improve the fi t of the models, based on the modification indices provided. Regarding the 22-item TJCQ; high fi t indices indicated a reasonably good fi ts of both the 4-factor and 5-factor models. The comparison of both model, based on the discrepancy in χ 2 fi t values, indicated that the 5-factor model provided a signifi cantly better fi t. Likewise, the 8-factor model also showed a better fi t compared to the 7-factor model. However, the absolute fi t measures of the 45-item TJCQ showed a modest fi t in both 7-factor and 8-factor models. As seen, the value of both the GFI and AGFI is smaller than 0.9, which means that the models were moderately fi tted, though other fi t measure values were acceptable. constructs -skill discretion and decision authority. These two dimensions formed complementary relationships because job skill provided people with a sense of authority or control over their work activities. Skill discretion and decision authority should then be regarded as separate scales of job control. Our study, however, has not indicated a clear distinction between these two subscales. That decision latitude appears as a separate factor in our occupationally heterogeneous sample is in agreement with previous studies [21, 22, 25, 32, 33] . In the Belstress study by Pelfrene et al. [21] , he has reported a high correlation between skill discretion and decision latitude without a clear distinction between the two scales in heterogeneous samples, similar to the results of Sanne et al. [33] . Actually, it has also been demonstrated by Sanne that decision latitude split into skill discretion and decision authority when the samples were divided into two homogeneous occupational groups and concluded that the considerable variation in latitude scores between different occupations may be restricted in specifi c occupational groups. However, the clear distinction between these two subscales was not consistent in most Asian validation studies which had been conducted among occupationally homogeneous samples. Three studies reported decision latitude with two subscales of skill discretion and decision authority [27, 30, 34] while another two reported only one scale [26, 28] . In the 45-item TJCQ, one item belonging to the psychological demand scale, 'high concentration', loaded on decision latitude factor. This result was in line with that of Brisson [35] who found a shared loading of this item on decision latitude and explained that this item seemed to relate to the concept of cognitive/mental load or demandlearning. This leads to the conjecture that cognitive job demand might lead to problem solving and thus build up skill discretion and infl uence over decisions at work. Moreover, the other two items, 'career possibilities' and 'skill valuable in next 5 years', from the job security scale loaded on the decision latitude factor scale in our study. The broad area of job security measured two points of job security/career prospect and layoff/work instability. These two items unloading on job security scale were in agreement with the Dutch study [22] . Nevertheless, further recommended that the correlation of the nine questions of the psychological demand scale with skill discretion was higher than that of fi ve questions and might be better off in assessing cognitive demand [17] . However, after dropping the three items with low itemtotal correlation of 'enough time', 'excessive work' and 'confl icting demand', the alpha coeffi cients increased substantially. This indicated that these three items were poorly correlated with other items in the psychological demand scale and supported further fi ndings under study that these three items separated into new factor with adequate factor loadings around 0.5. There were also some studies from the United States, Canada and Netherlands where psychological demand was split into two factors as our study, but the items and their Cronbach's alpha were not presented in detail [17] . The low item-total correlation of the item 'confl icting demand' was usually criticized in many previous studies [17, 24, 26, 27, 30] . The Chinese study among industrial workers [27] also reported a low value of the item 'not enough time' but the item 'excessive work' was seldom mentioned in previous studies. Considering the reliability estimates of job security scale, the value under study was about the same as the values reported in previous studies [20, 22] and better than the coeffi cient of the Korean study [28] and the Netherlands's sample in an internationally comparative study [17] . The reduction of the initial items into the meaningful scales by EFA showed that the psychometric properties were satisfactory for the 5-factor model in the 22-item TJCQ and the 8-factor model in the 45-item TJCQ, respectively. The factor extraction pattern of the 22-item version including its item distribution was similar to that of the 45-item version. CFA suggested that the best model consisted of fi ve latent factors for the 22-item TJCQ and eight latent factors for 45-item TJCQ, though the 8-factor model may be unable to provide an acceptable value in all goodness of fi t indices. In both TJCQs, nearly all the items of skill discretion and decision authority loaded on the same factor relevant to decision latitude, except for 'little decision freedom', 'repetitive work' and 'variety'. According to Karasek and Theorell [31] , decision latitude consisted of two distinct from an agriculturally dominant structure to an industrially dominant one became apparent in late 1980s. The rapid economic growth in the 1990s depended on natural-based and labor-intensive industries, in particular the preserved and canned food, textile, gemstone and jewelry sector. Towards the end of the 1990s and into the 2000s, new industries such as automobile, machinery, electrical goods, petroleum product and service sectors expanded. By the early and mid 2000s the Thai labor market, however, has still not shown any signifi cant improvement in the quality of labor, which has limited the country's move towards higher economic activities [37] . As previously mentioned, labor-intensive manufacturing and the lack of highly skilled labor coexist with long working hours and compulsory over-time work, which is considered normal in Thailand. A recent survey on working hours in over 50 countries has demonstrated that 46.7% of the Thai labor force has worked more than 48 hours per week. and was in the third rank among the top three countries with long working hours in the world besides Peru (50.9%) and the Republic of Korea (49.5%) [38] . It is possible that this new factor might actually describe the emergent and unavoidable qualitative and quantitative work demand created by organizational constraints set by a competitive world market, loss of comparative advantage to new labor intensive countries in Asia and a struggle towards the new era of knowledge-based economies.
Of interest was that the three items of 'little decision freedom' 'repetitive work' and 'variety' unexpectedly loaded on the psychological demand factor. Conceptually, these items seemed to capture psychological demand in Thai subjects instead of decision latitude as theoretically expected. Previous studies have reported that items belonging to decision latitude and psychological demand shared loadings or even mixed [24, 26, 27, 30] ; though items reported are different across the studies. The operationalization of items in decision latitude has been criticized for refl ecting job autonomy/control as well as the complexity or diffi culty of the task. Thus, too much skill discretion/ decision authority can also be a source of stress [39] [40] [41] . According to the international study by Karasek [17] , the most troublesome item consistently found was 'repetitive comparison with any studies could not be made since most validation studies rarely included a job security scale. Almost all the Asian studies did not include this scale in their studies except one Chinese study among petrochemical workers but only three items of this scale were recruited [34] . The Thai economy is heavily dependent on exports and on the transition to a knowledge-based economy. Meanwhile, the human resource development is inadequate toward this new economy. Key obstacles include weak educational development, inadequate researches and insuffi ciently skillful manpower in science and technology and administration [36] . In such situation, jobs involving high intellectual demands and signifi cant decision making abilities could result in career promotion and job security of the employees. EFA showed that, in the 22-item and 45-item TJCQs, nearly all the items belonging to the psychological demand scale loaded on two factors. The separated new factor in both TJCQs consisted of the identical three items of 'not enough time', 'excessive work' and 'confl icting demand'. The grouping of three similar items was also observed in a Japanese study among employees in telecom and electric power companies [30] and was criticized that the measure of job demand included several different aspects in one scale. In another study which included fi ve questions of the psychological demand scale [32] , the EFA also extracted these three items uniformly on the psychological demand factor while the other two items of 'work fast' and 'work hard' loaded on physical demand. Our CFA fi nding that psychological demand was appropriately separated into two distinct subscales was in agreement with Sale's study among health care workers [23] which provided a better goodness of fi t for the two-factor model when compared against the original one-factor psychological demand model. The two factors connected with the psychological demand scale in our study were associated with time constraints and confl icting demand at work and may be redundant with each other. In consideration of the Thai economic development, we speculate that the new factor might involve a higher level of demand besides routine work requirements. Thailand's rapid transformation of nine different organizations has, however, reported that items of the hazardous conditions and toxic exposure did also load onto the same factor as our fi nding [22] .
CONCLUSION
The psychological environment at work has been receiving increasing attention as there is growing evidence of its relationship to various health outcomes. A large number of occupational stress studies have been based on the JCQ, which has been now widely used in several countries. We performed this cross-sectional study to thoroughly examine both the core and full version of the TJCQs. Our result of the scale reliability and exploratory and confi rmatory factorial analysis were satisfactory for the 5-factor model in the 22-item TJC and the 8-factor model in the 45-item TJCQ, respectively. This study also suggests that psychological demand is better treated as two distinct subscales and some items might distribute differently in Thai population. Generally, the factor solution in TJCQ supported the priori structure of JDCS model, although the psychological demand scale split into two factors and some items extracted in each factor lined up somewhat differently from those in the original scale. Further research needs to be conducted to confi rm and expand our fi ndings in a national sample and specifi c occupational groups including addressing the test-retest reliability of these scales.
work'. He explained that it was the result of the non-normal distribution, as repetitive work is much more common among the lowest skilled workers. Likewise, in all Asian studies, this item had a low loading and more likely loaded on psychological demand [26] [27] [28] 30] . Kawakami [30] , in a study of Japanese female workers found that 'little decision freedom' loaded on psychological demand while in the Korean study by Eum [28] , the item 'variety', like in our study, loaded on psychological demand factor. The EFA also indicated that the items belonging to physical demand scale loaded on psychological demand. As seen, the two items of 'physical effort' and 'rapid and continuous activity' which originally was intended to capture general physical demand and dynamic workload consecutively loaded on the psychological demand scale under study. We postulated that these two items might be perceived as assessment of overall work exhaustion or psychophysiological costs at work in Thai employees. The interpretative ambiguities between physical and psychological demand could occur, since high physical demand could arouse high levels of autonomous nervous system and certainly contribute psychologically. Our fi ndings support the debate among temporary researches [32, 40, 42, 43] on multidimensional psychological character of the demand scale and its complexity, which open way to extending it beyond its original domain. The other two items 'body in awkward position' and 'hand/ arm in awkward position' that originally measured statically work activity loaded on the factor connected with physical demand scale with the item 'lift heavy load'. In this study with its heterogeneous set of occupations, the result as such may be explained by its skewed distribution, as statically and dynamically physical exertion was much more common among blue collar workers under study. EFA clearly showed that supervisor support, coworker support and hazard at work were loaded as theoretical construct. Most previous studies from North America, Europe and Asia [21, 24, 26, 27, 29, 34] reported a factorial discrepancy between supervisor support and coworker support, though some did report social support as one scale [27, 28] . Unlike our study, very few studies have included hazard conditions and toxic exposure scales. A Dutch study
